Purpose The objective of this study was to evaluate whether time spent sitting at work or watching television was associated with breast cancer risk among African American women. Methods The Black Women's Health Study (analytic cohort = 46,734) is an ongoing prospective cohort study of African American women ages 21-69 at baseline (1995). Questionnaire data were used to estimate sedentary time. Total time spent sitting at work and watching television (individually and combined) at baseline and updated through follow-up (1995-2001) and breast cancer incidence (n = 2,041 incident cases, 1995-2013) was evaluated using proportional hazards regression. Results Higher total time spent sitting at baseline (C10 vs. \5 h/day, HR 1.27, 95 % CI 1.06, 1.53) and updated through follow-up (C10 vs. \5 h/day, HR 1.38, 95 % CI 1.14, 1.66) was associated with an increased breast cancer risk. Associations were stronger for hormone receptor-negative tumors (C10 vs.\5 h/day, HR 1.70, 95 % CI 1.12, 2.55) compared to hormone receptor-positive tumors (C10 vs. \5 h/day, HR 1.16, 95 % CI 0.88, 1.52), but tests for heterogeneity were not statistically significant (p heterogeneity = 0.31). Positive associations between total time spent sitting and breast cancer incidence did not differ by physical activity level or body composition measurements. Conclusions Our findings suggest that high sedentary time may increase risk for breast cancer among African American women.
Introduction
Breast cancer is the most common cancer type in African American women. While rates are higher among Caucasian American women, incidence rates among African American women are increasingly similar to those observed among Caucasian American women [1, 2] . Additionally, African American women are more likely to be diagnosed prior to menopause and are more likely to be diagnosed with less treatable hormone receptor-negative subtypes contributing to higher mortality rates than any other racial/ ethnic group [1, 3] . Lifestyle behaviors, such as sedentary time, may contribute to differences in breast cancer incidence, but have not been well studied among African American women [4, 5] .
Sedentary activities, defined as physically inactive tasks that require little to no additional energy expenditure beyond basal metabolic rate, account for a large proportion of time per day in the USA [6] . Among US adults (ages 49-99 years), sedentary behavior accounted for 75-90 % of participants' accelerometer wear time, even among the younger study participants [7] . Regardless of race/ethnicity, time spent sitting is high [8] ; however, research suggests that sedentary behavior may be more prevalent among African Americans women [7] , particularly time spent watching TV [8] .
Sedentary time may contribute to breast cancer risk independently of physical activity [9] . A recently published review and meta-analysis observed a small (*8 % increase), but statistically significant, association between sedentary time and breast cancer [10] . Most studies in this review evaluated either occupational sitting or time spent watching television and not combined sedentary activities. Studies that evaluated combined sitting time tended to be more likely to observe an association. Total sedentary time has also been shown to be associated with breast cancerrelated biomarkers, including fasting insulin, homeostasis model assessment of insulin resistance, and C-reactive protein [11, 12] . Sedentary time may also be associated with obesity and weight gain, which could contribute to breast cancer risk, though results from previous studies have been inconsistent [13] [14] [15] [16] . Additionally, many lifestyle factors appear to be differentially associated with specific breast cancer hormone receptor subtypes. Few studies have evaluated whether associations between sedentary behavior and breast cancer differ by hormone receptor subtype. Evaluating combined breast cancer subtypes could obscure associations for less common subtypes.
A previous analysis in the Black Women's Health Study (BWHS) observed an inverse association between physical activity levels and breast cancer risk [17] . There are very limited data on sedentary time and breast cancer risk in African American women, which given the prevalence of sedentary behavior could be an important risk factor for breast cancer in African American women. Therefore, we investigated the association between sedentary time and breast cancer incidence overall and by hormone receptor subtypes in the BWHS.
Methods

Study population
The Black Women's Health Study is an ongoing prospective cohort study of 59,000 African American women who were 21-69 years of age and completed the mailed health questionnaires at baseline [18] . Women were largely recruited among subscribers to Essence magazine. A small number were additionally recruited from several professional organizations or were friends or relatives of early respondents. Participants were followed via mailed questionnaires every 2 years after baseline. Deaths were identified by reports from family members, US Postal Service, and via the National Death Index. Follow-up of the baseline cohort is complete for 87 % of potential years of follow-up through 2013. The study was approved by the Institutional Review Board of Boston University Medical Center, and informed consent was obtained from all study participants.
Women who reported a previous history of cancer (excluding non-melanoma skin cancer) (n = 1,262, including 732 breast cancer cases), who were pregnant at baseline (n = 1,006), or who reported implausible energy intake (\600 kilocalories (kcal) or[3,800 kcal) (standard cut-points used in BWHS) or left more than 10 food frequency questionnaire (FFQ) items blank (n = 7,640) were excluded. Women missing baseline sedentary time data were additionally excluded (n = 2,635) for a final analytic cohort of 46,734.
Data collection
Demographics, medical and reproductive history, and lifestyle habit data were collected at baseline using selfreported questionnaires. Follow-up questionnaires were administered every other year following baseline. Data on physical activity level, time spent sitting, waist circumference, hip circumference, weight at age 18, and current weight were collected on the baseline questionnaire. Data on physical activity level (1997, 1999, 2001, 2007, 2009 ), time spent sitting (1997, 1999, 2001) , and current weight (all follow-up questionnaires) were additionally collected on follow-up questionnaires. To assess sedentary time, participants were asked ''On average, during the past year, how many hours each day did you spend: (1) watching TV, (2) sitting at work'' (response options: none, less than 1 h, 1-2 h, 3-4 h, 5 or more hours). In 1997, it was modified to watching TV or videos, and in 1999 and 2001, it was modified to, ''watching TV, videos, home computer.'' For simplicity and consistency with baseline data, this variable is referred to as ''watching TV.'' Time spent watching TV and sitting at work responses were coded as follows: none = 0 h, \1 h = 0.5 h, 1-2 h = 1.5 h, 3-4 h = 3.5 h, 5 or more = 5 h, which were then summed to estimate typical number of combined hours per day spent sitting. Physical activity levels were calculated from recreational time (hours/week) spent engaged in vigorous activity and walking for exercise. Objectively measured activity levels were associated with self-reported physical activity levels in a validation study among a subset of study participants [19] . Sedentary behavior questions were not specifically addressed in the physical activity validation report, but systematic reviews of sedentary time validation studies suggest the reliability and validity of self-reported sedentary time are similar to those of self-reported physical activity [20, 21] . Height (1995) and current weight were used to calculate body mass index (BMI) (kilograms/meter 2 ) (kg/m 2 ). Adult weight change was calculated by subtracting weight at age 18 from current weight. Selfreported weight and height were previously shown to be highly correlated with technician measurements in a BWHS validation study [19] .
Data on covariates (age, education, caloric intake, parity, age at menarche, menopausal hormone usage, oral contraceptive usage, mammography usage, family history of breast cancer, and smoking status) were also collected by questionnaire. Menopausal status was defined by presence/absence of menstruation and age. Women who reported their periods had ceased due to natural causes, had both ovaries removed, or had a hysterectomy but retained one or both ovaries and were older than 56 years were classified as postmenopausal. Premenopausal status was defined as ongoing menstrual cycles or a hysterectomy with retention of one or both ovaries among women less than 43 years of age. Dietary data were collected via a modified version of the Block FFQ (administered in 1995 and 2001), and caloric intake (kcals/day) was calculated using the National Cancer Institute's DietCalc software [22] Case ascertainment Primary breast cancer cases (n = 2,041) from baseline (1995) through 2013 (ICD-9 code 174/ICD-10 code C50) were ascertained through self-report on the follow-up questionnaires and through linkage with 24 cancers registries in states in which 95 % of participants lived. Hospital or registry pathology data were obtained for [85 % of cases, among which 99.4 % were confirmed. Unless a self-reported case was found to be incorrectly reported, all self-reported cases were included. Among breast cancer cases with immunohistochemistry reports, there were 1,007 cases positive for hormone receptors (HR?), estrogen receptor (ER?), or progesterone receptor (PR?), 433 negative for both ER (ER-) and PR (PR-) (HR-), and 173 women diagnosed with triple-negative breast cancer (ER-/PR-/HER2-).
Statistical analysis
Differences in time spent sitting by demographic, body composition, medical and reproductive history, and lifestyle habits were evaluated using Wald v 2 tests. Proportional hazards regression was used to calculate hazard ratios (HR) and 95 % confidence intervals (95 % CI) for associations between time spent sitting at work (hours/-day), time spent sitting watching television (hours/day), and total time spent sitting (sum of time spent sitting at work and watching television) and breast cancer incidence. Participants contributed person-time from baseline until the occurrence of breast cancer, loss to follow-up, death, or the end of follow-up in 2013. Average follow-up time between 1995 and 2013 was 15.4 years.
Time spent sitting at work and watching television was evaluated as four-level categorical variables (\1, 1-2, 3-4, or C5 h/day). Combined time spent sitting was also evaluated as a four-level variable (\5, 5-\7, 7-\10, or C10 h/day). To assess trend, total time spent sitting was additionally evaluated as a continuous variable. Analyses were conducted using baseline questionnaire data only and updated using follow-up questionnaire data to account for changes in behavior over time. The Andersen-Gill data structure was used to update the score variables and covariates at each time point where new data were available [23] . To evaluate differences by hormone receptor subtypes, all models were additionally run with breast cancer subtypes as the outcome (subtypes evaluated: HR? , HR-, or triple negative). All analyses were repeated stratified by menopausal status.
Covariates in the adjusted model were chosen a priori based on factors known or suspected to be associated with breast cancer risk and with sedentary behavior. All adjusted models included age (continuous), geographic region of residence (northeast, south, midwest, west), daily caloric intake (continuous), smoking (never, former, \15 cigarettes/day, C15 cigarettes/day), BMI (\25, 25-\30, 30-\35, C35 kg/m 2 ), physical activity level (high: C3-4 h/ week vigorous activity or C5-6 h/week walking for exercise, moderate: 1-2 h/week vigorous exercise or 1-4 h/ week walking for exercise, low: \1 h/week vigorous exercise or walking for exercise), family history of breast cancer (yes/no), education (B12, 13-15, C16 years), menopausal status (premenopausal, postmenopausal), duration of postmenopausal female hormone supplement use (none, \5 years, C5 years), duration of oral contraceptive use (never, \5 years, C5 years), mammography usage (ever, never), and parity (none, 1-2, C3). Categorical variables were modeled as indicator variables. Participants with missing data on covariates were included as a missing data indicator variable. BMI was included as a covariate due to the relationship between sedentary time and body composition; however, body composition was not associated with breast cancer risk in a previous analysis in the BWHS [24] . Alcohol intake in this study population is low ([94 % consumed an average of \7 drinks/week) and was not associated with breast cancer incidence or time spent sitting; therefore, it was not included as a covariate.
To evaluate whether the associations between time spent sitting and breast cancer differed by measures of body composition or physical activity level, analyses were additionally repeated and stratified by total physical activity level (low, moderate, high), vigorous physical activity (\1, 1-\3, C3 h/week), walking for exercise (\2, 2-\5, C5 h/week), current BMI (\25, 25-\30, C30 kg/ m 2 ), BMI at 18 years (\20, 20-\25, C25 kg/m 2 ), adult weight gain (\10 kg, 10-19 kg, C 20 kg), waist-to-hip ratio (WHR) (\0.75, 0.75-\0.85, C0.85), and waist circumference [\ 80, 80-88, [88 cm (cm)]. Body measurement cut-points were chosen a priori based on previously reported health standards, when possible. BMI cut-points were based on standard BMI cut-points for adults [25] . WHR and waist circumference categories were based on cut-points set for risk of metabolic complications defined by the World Health Organization [26] . BMI at 18 years was based on previous work in the BWHS [24] . Tests for interaction by menopausal status (premenopausal vs. postmenopausal), body measurements, and physical activity levels were evaluated using likelihood ratio tests. Additionally, total sitting time combined with physical activity levels and body measurements and breast cancer incidence were evaluated in relation to breast cancer incidence to assess the joint effects. Test for heterogeneity by breast cancer subtype was conducted using the Lunn and McNeil method adapted by Wang et al. for assessing disease heterogeneity by subtype [27, 28] . Heterogeneity was assessed comparing HR? to HR-and comparing HR? vs. HR-/HER2? vs. triple negative. Results did not differ by approach. Presented p values are from the assessment of all three subtypes.
Sensitivity analyses were completed excluding participants diagnosed with breast cancer within 4 years of baseline. Results did not differ; therefore, analyses including cases diagnosed since baseline are presented. Two-sided P values are reported. Analyses were conducted using SAS 9.3 (SAS Institute, Inc.).
Results
Baseline characteristics by level of sedentary time are presented in Table 1 . Age, education, current BMI, BMI at 18, adult weight gain, WHR, waist circumference, physical activity level, caloric intake, age at menarche, parity, and mammogram usage were associated with time spent sitting (p \ 0. Total time spent sitting was statistically significantly associated with higher breast cancer incidence overall in both the baseline models (1995 only) (C10 vs. \5 h/day, HR 1.27, 95 % CI 1.06, 1.53) and models updated through follow-up (1995-2001) (C10 vs. \5 h/day, HR 1.41, 95 % CI 1.16, 1.71) ( Table 2) . Total sitting time evaluated as a continuous variable was also associated with an increased risk for breast cancer (baseline model p trend = 0.01, timevarying model p trend \0.001). When stratified by menopausal status, total time spent sitting was associated with breast cancer risk in premenopausal women in the models updated through follow-up only (C10 vs. \5 h/day, HR 1.47, 95 % CI 1.09, 1.99). Among postmenopausal women, total time spent sitting was associated with breast cancer incidence in the baseline model (C10 vs. \5 h/day, HR 1.36, 95 % CI 1.06, 1.76), but the association was no longer statistically significant in follow-up data models (C10 vs. \5 h/day, HR 1.25, 95 % CI 0.95, 1.64). Evaluated separately, time spent sitting at work reported at baseline was modestly associated with breast cancer risk overall (C vs.\1 h/day, HR 1.15, 95 % CI 1.01, 1.30), but not time spent watching television. In models incorporating follow-up data, neither time spent sitting at work or time spent sitting watching television was associated with breast cancer risk. Time spent sitting and work and watching television were not associated with breast cancer stratified by menopausal status. Tests for interaction between sedentary time and menopausal status were not statistically significant in baseline or follow-up models (P [ 0.05).
Total time spent sitting, when updated through followup, was positively associated with HR-(HR 1.70, 95 % CI (Table 3 ) (p heterogeneity = 0.31). Results were similar in models using baseline data only (Supplementary Table 1 ). Time spent sitting at work (p heterogeneity = 0.10) and watching television (p heterogeneity = 0.81) was not associated with specific breast cancer subtypes when evaluated separately in either baseline or follow-up models. Numbers of cases by subtypes were small when stratified by menopausal status, but results were suggestive of a positive association between total sitting time updated through follow-up and premenopausal ER-/PR-breast cancer (C10 vs. \5 h/day, HR 2.10, 95 % CI 1.12, 3.91) ( Table 4) . Among postmenopausal women, time spent sitting was not associated with breast cancer risk, regardless of tumor type.
Physical activity levels overall were low in this study population, particularly among women reporting sitting more than 10 h, so results stratified by physical activity level should be interpreted with caution (Table 5 ). In general, sitting 10 or more hours per day was associated with breast cancer incidence regardless of physical activity level. Tests for interaction between time spent sitting and combined physical activity level (p = 0.27) or time spent walking for exercise (p = 0.43) were not statistically significant. Tests for interaction between total sitting time and vigorous activity were statistically significant (p = 0.04), but few women who reported 10 or more hours of sitting time also reported regular vigorous exercise. In the joint effects analysis, there was no clear pattern across levels of total physical activity, vigorous exercise or walking for exercise (Supplementary Table 2 ). Sitting 10 or more hours/day in combination with either high physical activity (HR 1.70, 95 % CI 1.07, 2.70) or low physical activity levels (HR 1.66, 95 % CI 1.17, 2.36) was similarly associated with breast cancer incidence.
Associations between sitting time and breast cancer risk did not differ by current BMI (p interaction = 0.22), BMI at 18 (p interaction = 0.28), adult weight gain (p interaction = 0.26), WHR (p interaction = 0.65) and waist circumference (p interaction = 0.37) ( Table 6 ). While associations were not always statistically significant for each individual stratum, hazard ratios for time spent sitting and breast cancer incidence stratified by body weight measurements were always positive and highest in among the women who sat 10 or more hours/day. In the joint effects analysis, breast cancer incidence typically increased across total time spent sitting categories, but there was not trend across body composition categories (Supplementary Table 3 ).
Discussion
In this first evaluation of sedentary time and breast cancer incidence in a large population of African American women, combined time sitting at work and watching television was positively associated with breast cancer incidence. Associations were stronger in the analyses updated through follow-up and for hormone receptor-negative Results from our study are in agreement with a recent meta-analysis that showed sedentary time to be associated with breast cancer, although associations in the present analysis were stronger than those observed in the metaanalysis. This may be due to evaluating combined time spent sitting at work and watching television as most prior studies evaluated either only occupational sitting or only CI confidence interval, ER-estrogen receptor negative, ER? estrogen receptor positive, HR hazard ratio, PR-progesterone receptor negative, PR? progesterone receptor positive, TV television a Cox proportional hazards regression, with values updated using Andersen-Gill method, adjusted for: age (continuous), geographic region of residence (northeast, south, midwest, west, other), BMI (\25, 25-\30, 30-\35, and C35 kg/m 2 ), education (B12, 13-15, and C16 years), recreational physical activity (low, moderate, high), caloric intake (continuous), parity (0, 1-2, C3), age at menarche (B11, 12-13, C14), menopausal hormone use (premenopausal, postmenopausal-never, postmenopausal-\5 years, postmenopausal-C 5 years), oral contraceptive use (never, 0.5-5, C5 years), family history of breast cancer (yes/no), mammogram (ever, never), smoking (never, former, current-\15 per day, current-C15 per day) b 1995-Watching TV only, 1998-watching TV or videos, 1999 and 2001-watching TV, videos, home computer television time [10, 29] . Among the proposed possible biological mechanisms include adiposity-mediated pathways, the IGF-insulin pathway, and inflammation-related pathways [9] . Associations between sedentary time and metabolic dysfunction [9, 12, 30, 31] and inflammationassociated biomarkers [9, 11] provide further support for these potential mechanisms.
Estrogen receptor-negative tumors are disproportionately diagnosed in African American women [1, 3] . In the present study, time spent sitting was most strongly associated with HR-and triple-negative tumors; however, tests for heterogeneity were not statistically significant. To our knowledge, few previous studies have investigated the relationship between sedentary behavior and breast cancer by tumor subtypes. A large prospective cohort previously evaluated leisure time sitting and breast cancer incidence by estrogen receptor status [32] . The P value for test for heterogeneity was 0.08, but no effect estimates were reported in the article. This study also evaluated leisure time sitting only, and in the present study it was only combined total sedentary time that was associated with breast cancer subtypes. A previous case-control study observed an association between sitting time and hormone receptor-positive subtypes; however, numbers when stratified by subtype were very small, particularly for hormone receptor-negative tumors [33] . Further research is needed, but sedentary behavior may represent an important target for reducing the burden of less treatable hormone receptornegative tumors [3] , particularly given the prevalence of sedentary behavior among African Americans in the USA [7, 8] .
Increasing recreational physical activity levels is often targeted to compensate for the increased time spent engaged in sedentary activities and counteract the prevalence of obesity [34, 35] . In our study, the associations of combined time spent sitting and breast cancer incidence were remained even among women who engaged in regular physical activity. This result is consistent with previous research indicating the impact of sedentary behavior on health may not be due only to the absence of regular recreational physical activity [36] [37] [38] . This presents a unique public health challenge to understand the underlying mechanisms and how best to intervene to reduce the health burden of sedentary time. Body weight and sedentary time are related, but it remains unclear whether the impact of sedentary behavior and obesity independently influences breast cancer risk.
Results from some studies suggest that sedentary behavior may influence breast cancer both via adiposity-related pathways and through other mechanisms [11, 12] . In the present study population, women who spent more time sitting were somewhat more likely to be overweight or obese; however, body composition measurements were generally not associated with breast cancer risk in a previous BWHS analysis [24] . Time spent sitting was generally positively associated, albeit not always statistically significantly, with breast cancer risk across measures of body size. The relationship between obesity and sedentary behavior may be less strong among African American women compared with Caucasian American women [39] BMI body mass index, cm centimeters, CI confidence interval, HR hazard ratio, kg kilograms, m meters, p int p interaction a Cox proportional hazards regression, with values updated using Andersen-Gill method, adjusted for: age (continuous), geographic region of residence (northeast, south, midwest, west, other), education (B12, 13-15, C16 years), recreational physical activity (low, moderate, high), caloric intake (continuous), parity (0, 1-2, C3), age at menarche (B11, 12-13, C14), menopausal hormone use (premenopausal, postmenopausalnever, postmenopausal-\5 years, postmenopausal-C5 years), oral contraceptive use (never, 0.5-5, C5 years), family history of breast cancer (yes/no), mammogram (ever, never), smoking (never, former, current-\15 per day, current-C15 per day) b Likelihood ratio v 2 test
and may indicate additional or alternative mechanisms by which sedentary behavior impacts health. This is the first study to report on sedentary behavior and breast cancer risk among African American women. Strengths of the study include the prospective collection of data and the high follow-up rate. This study also has a large number of cases, which enabled the assessment of both premenopausal and postmenopausal breast cancer and assessment of breast cancer subtypes. Additionally, data collected at multiple time points allowed for an analytic approach that updated data through follow-up to account for changes in behaviors over time.
Data were collected using self-reported questionnaires, which are subject to measurement error. A previous validation study in the BWHS indicated that self-reported data collected on physical activity and body measurements are sufficiently well reported for use in epidemiologic studies [19] . Future studies with objectively measured sedentary time are needed to further explore this association. Sedentary time in this study includes only time spent sitting at work and watching television, so it may underestimate total sedentary time. Due to the increasing use of computer at later time points, watching computers (and videos) was added to the watching TV question on the 1999 and 2001 follow-up questionnaires. The inclusion of additional activities not on the baseline questionnaire could result in higher reported sedentary time on later questionnaires; however, results were generally consistent, between baseline data and time-varying models. A little over a third of participants reported higher combined sedentary time, but the increased time could be attributed to increasing time either sitting at work (30.2 % reported increase) or watching TV (33.9 % reported increase). There were also insufficient data on unemployment and retirement status for study participants, which could result in misclassification of sitting time for these participants. ''Among women who completed the 2001, 4,040 (10.5 %) women reported having no job when asked about time spent walking at work.'' (2001 questionnaire?). Breast cancer subtype information was not available for all breast cancer cases, which resulted in smaller numbers of cases available for this analysis, limiting our ability to detect associations.
Breast cancer disparities by race/ethnicity in the USA are well established [40, 41] , and differences in health behaviors may contribute to disparities. Increased time spent engaged in sedentary activities was associated with breast cancer risk, and associations were strongest for hormone receptor-negative tumors, which disproportionately impact African American women [1, 3] . Previously reported frequent sedentary behavior among African Americans could contribute to breast cancer disparities and should be explored further in future studies.
